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Abstract  21 
Zero deforestation commitments (ZDCs) are voluntary initiatives where companies or countries pledge to 22 
eliminate deforestation from their supply chains. These commitments offer much promise for sustainable 23 
commodity production, but are undermined by a lack of transparency about their coverage and impacts. 24 
Here, using state-of-the-art supply chain data, we introduce an approach  to evaluate the impact of ZDCs, 25 
linking traders and international markets to commodity-associated deforestation in the sub-national 26 
jurisdictions from which they source. We focus on the Brazilian soy sector, where we find that ZDC 27 
coverage is increasing, but under-represents the Cerrado biome where most soy-associated deforestation 28 
currently takes place. Though soy-associated deforestation declined in the Amazon after the introduction 29 
of the Soy Moratorium, we observe no change in the exposure of companies or countries adopting ZDCs to 30 
soy-associated deforestation in the Cerrado. We further assess the formulation and implementation of these 31 
ZDCs and identify several systematic weaknesses that must be addressed to increase the likelihood that 32 
they achieve meaningful reductions in deforestation in future. As the 2020 deadline for several of these 33 
commitments approaches, our approach can provide independent monitoring of progress toward the goal 34 
of ending commodity-associated deforestation. 35 
 36 
Introduction  37 
More than 150 countries and multinational companies have made public zero deforestation commitments 38 
(ZDCs) ± commitments to eliminate deforestation from the production of commodities (Donofrio et al. 39 
2017). These include multilateral commitments such as the New York Declaration on Forests (NYDF), 40 
signed in 2014 by a collection of companies, NGOs, indigenous peoples, and national and sub-national 41 
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governments; the Amsterdam declarations, signed by six European countries in 2015 (with a seventh, Italy, 42 
joining in 2017); and a host of unilateral commitments made by individual companies. 43 
 44 
If successfully implemented, these commitments offer a powerful lever for reducing deforestation 45 
and associated biodiversity loss and greenhouse gas emissions. In practice, however, the potential impact 46 
of ZDCs is undermined by weaknesses in their definition and implementation - not least a lack of 47 
transparency (Climate Focus 2016; Jopke & Schoneveld 2018; Lambin et al. 2018; Garrett et al. 2019). 48 
Transparency is a prerequisite for understanding the coverage and impact of ZDCs and crucial for their 49 
accountability (Gardner et al. 2018). Unless implementation is verifiable, it is not possible to determine 50 
whether ZDCs are actually translating into on-the-ground reductions in deforestation. Unfortunately, most 51 
ZDCs lack a clear blueprint for their implementation, monitoring, or progress reporting (Donofrio et al. 52 
2017; Rogerson 2019). 53 
 54 
This lack of transparency arises in part because of the limited traceability in many commodity 55 
supply chains. Deforestation-risk products such as palm oil, beef, timber, and soy are all traded in bulk 56 
along global supply chains with multiple intermediaries between producers and consumers. They may be 57 
sourced via spot markets, and processed and incorporated into secondary products. At various stages in the 58 
supply chain - at storage facilities, processing plants, and maritime vessels - products from multiple sources 59 
are mixed and the identity of the original source lost. Even when companies have information about the 60 
location of production, as for some certified supply chains, they are often reluctant to publish such high-61 
resolution information. 62 
 63 
Here, we use a state-of-the-art wall-to-wall mapping of the Brazilian soy supply chain from the 64 
Transparency for Sustainable Economies (Trase) platform (www.trase.earth) to address this transparency 65 
gap. By combining official per-shipment trade records with comprehensive asset ownership registries, 66 
sanitary inspection records, sub-national commodity production statistics and remote sensing data on 67 
agricultural activities and land use change, we quantify the commodity-associated deforestation occurring 68 
in the sub-national jurisdictions from which different actors sourced soy between 2006-2017 (Godar et al., 69 
:HWKHUHE\HVWLPDWHWKHLU³GHIRUHVWDWLRQULVN´- the amount of deforestation associated with their 70 
sourcing, year-on-year, and how this has changed since individual actors have made ZDCs. We demonstrate 71 
this approach for ZDCs made by soy traders operating in Brazil and by countries sourcing soy from Brazil.  72 
 73 
 Soy is a heavily-traded oilseed and a major driver of global deforestation (Pendrill et al. 2019). Soy 74 
is traded in bulk, both as a raw bean and as a processed product - soybean meal, used for animal feed, and 75 
soy oil, which is primarily used for biofuel production and other industrial processes (Brack et al. 2016). 76 
From 2000-2016, the international trade in soy more than doubled (FAO 2018a), driven by growing demand 77 
IRU DQLPDOSURGXFWV LQ&KLQD DQGRWKHUHPHUJLQJHFRQRPLHV$OUHDG\ WKHZRUOG¶V ODUJHVW VR\H[SRUWHU78 
%UD]LO UHFHQWO\ DOVR RYHUWRRN WKH 86 DV WKH ZRUOG¶V ODUJHVW SURGXFHU (Reuters 2018). In 2017, 73% of 79 
%UD]LO¶VVR\KDUYHVWZDVH[SRUWHGZLWKPDMRUPDUNHWVLQ&KLQDRIH[SRUWVDQGWKH(XURSHDQ8QLRQ80 
(15%).  81 
 82 
The boom in soy production has changed the Brazilian landscape. Since 2000, the area of soy 83 
planted in Brazil has doubled, to cover an area of 34 Mha (IBGE 2017). This expansion has been an 84 
important direct and indirect driver of the loss of forests and other natural vegetation - with notable regional 85 
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variation (Figure 1). Since a peak in the late 2000s, clearance of native vegetation for soy has decreased in 86 
the Amazon biome and in older soy frontiers in the Cerrado - notably the state of Mato Grosso (Figure 1). 87 
6R\KRZHYHUFRQWLQXHVWREHDPDMRUGULYHURIKDELWDWORVVLQWKH&HUUDGR¶V0DWRSLEDUHJLRQPade up of 88 
the states of Maranhão, Tocantins, Piauí, and Bahia), where over the last decade 0.5-0.8 Mha of soy each 89 
year has been planted on recently converted land (Figure 1). The high rates of conversion in the Cerrado 90 
are especially concerning because it is a global biodiversity hotspot with little legal protection. The Cerrado 91 
is a wooded savannah biome, home to more than 4,800 endemic plant and vertebrate species (Strassburg et 92 
al. 2017). Though almost half of the Cerrado has already been converted to agriculture, only 7.5% lies in 93 
protected areas, and on private lands landowners may clear 65-80% of each property (Strassburg et al. 94 
2017). In contrast, half of the Brazilian Amazon lies within protected areas and landowners may only clear 95 
20% of their land (Soares-Filho et al. 2014). 96 
 97 
Figure 1 - The area of soy planted on land deforested less than five-\HDUVSUHYLRXVO\6RXUFHDXWKRUV¶RZQ98 
calculations, based on Agrosatélite and PRODES data.  99 
 100 
Our study demonstrates how newly available supply chain data from Trase makes it possible, for 101 
the first time, to monitor progress against ZDCs for an entire sector, providing a quantitative and consistent 102 
assessment of the deforestation risk of committed and non-committed actors in the Brazilian soy supply 103 
chain. We find that ZDC coverage is increasing, but remains higher in the Amazon than the Cerrado, where 104 
most soy conversion is taking place. Soy deforestation declined in the Amazon after the implementation of 105 
the Soy Moratorium, a commitment by traders to avoid the purchase of soy planted on recently deforested 106 
land in the Amazon. We find no reduction, however, in the soy deforestation risk of actors in the Cerrado 107 
since any of these ZDCs were made. Recognising that several of the commitments analysed in this study 108 
are recent (post-2014), or were made after our time-series of soy deforestation risk and trade (i.e. post-109 
2017), we also reviewed information on the formulation and implementation of these commitments to 110 
assess their potential effectiveness moving forward. Current ZDCs have several systematic weaknesses that 111 
must be addressed to deliver on the vision of deforestation-free commodity production. 112 
 113 
Methods  114 
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Monitoring ZDCs at the sub-national scale requires mapping the sourcing patterns of supply chain actors 115 
through time, and quantifying the commodity-associated deforestation occurring in the jurisdictions from 116 
which they source, as well as information about the ZDCs themselves. We focus on ZDCs by soy traders 117 
and consumer countries. Supply chains are often hourglass-shaped (Lyons-White & Knight 2018), with a 118 
small number of traders acting as intermediaries between myriad producers and consumers. The ZDCs of 119 
traders, in particular, could have a disproportionate impact in reducing the deforestation risk of both 120 
upstream farmers and downstream consumer-facing brands. 121 
 122 
Mapping soy supply chains 123 
We used data from Trase to trace the origin of and deforestation associated with Brazilian soy exports from 124 
2006-2017. Trase uses the Spatially Explicit Information on Production to Consumption Systems (SEI-125 
PCS) approach to link exports of soybean products back to the municipality of production (Godar et al. 126 
2016). The SEI-PCS method is summarised below; more detail is available in the Trase manual (Trase 127 
2018a). All analyses are based on SEI-PCS v2.4 (Trase 2019). 128 
 129 
SEI-PCS uses customs declarations and/or per-shipment bills of lading to establish the dates of 130 
departure, volumes, ownership, exporting facility, port of export, and the country of import for specific 131 
shipments of soy. A logic-EDVHGGHFLVLRQWUHHLVWKHQXVHGWRPDSVR\H[SRUWIORZVEDFNWRDµORJLVWLFKXE¶132 
Logistic hubs are supply chain nodes in a specific municipality where soy is produced, stored, handled, or 133 
transformed before export. The decision tree crosses the consolidated customs information with other 134 
independent data sets, including on the logistics and taxation of trading companies, as well as production 135 
and country-specific export permissions per facility, so that multiple lines of evidence are used to confirm 136 
a given subnational location as the origin of production of a given shipment. Where it is not possible to 137 
confidently trace flows back to a specific logistic hub, the origin is labelled as unknown (SI).  138 
 139 
Where the decision tree traces soy back to a storage or processing facility but not a municipality of 140 
soy production, linear programming techniques are used to allocate soy from municipalities of production 141 
to logistic hubs. This constrained optimization distributes available supply (total soy production per 142 
municipality) to known demand - both overseas and domestic - taking into account the location of company 143 
assets such as storage facilities and farms and minimizing transport distances. When matching exports of 144 
soybean products (i.e. tons of soybean meal or oil) to soy production (tons of soybeans), SEI-PCS converts 145 
VR\SURGXFWVLQWRµVR\EHDQHTXLYDOHQWV¶XVLQJFRQYHUVLRQIDFWRUVZKLFKUHVSHFWPHDOYVRLOFUXVKLQJUDWLRV146 
and account for waste losses during crushing (FAO 2018b). To test the sensitivity of our results to the linear 147 
programming step, we also ran an alternative analysis, where instead of transport distance minimization, 148 
the soy deforestation occurring within 200 km of each logistic hub was assigned proportionally to all traders 149 
operating there (SI Figure S8).  150 
 151 
Quantifying soy deforestation risk 152 
For each municipality and year, we intersected maps of soy planted in the Cerrado and Amazon biomes 153 
with deforestation maps to calculate the area of soy planted on land deforested within the previous five 154 
years. Soy crop maps were available from 2006-2007, 2009-2010, 2014-2015, and 2016-2017 in the 155 
Amazon and 2006-2007, 2013-2014, and 2016-2017 in the Cerrado (Agrosatélite 2018). In each year, we 156 
used the subsequent available crop map and a five-year allocation period to link deforestation to soy (i.e. 157 
for the 2013 soy harvest in the Amazon, we intersected the 2014-2015 soy map with annual deforestation 158 
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maps from 2009-2013; SI Figure S1). We used a five-year allocation period to reflect that deforested land 159 
is typically not immediately suitable for soy production - the soil is prepared by planting with an 160 
intermediate crop (e.g. rice or pasture) before soy is planted for the first time (Osorio 2018). While previous 161 
studies have also used one-year or three-year time lags (Gibbs et al. 2015; Trase 2018b), a five-year time 162 
lag captures the vast majority of crop-associated deforestation in Latin America (Graesser et al. 2018). 163 
 164 
 We then attributed deforestation-associated soy to the actors sourcing soy from each municipality. 165 
In the absence of data on the individual contracts between farmers and traders, we allocated soy 166 
deforestation to each trader in proportion to the volume of soy that they export from a given jurisdiction 167 
UHODWLYH WR LWV WRWDO SURGXFWLRQ RI VR\ :H UHSRUW WKHVH ILJXUHV DV WKH ³VR\ GHIRUHVWDWLRQ ULVN´ LQ168 
hectares/thousand tons soy/year) of each actor. When presenting these results per biome, municipalities 169 
were classified according which biome made up the majority of their area. Since deforestation varies year-170 
on-year due to many factors not related to soy sourcing policies, we also calculated the soy deforestation 171 
risk ratio relative to the market average for each year - WKH³VFDOHGGHIRUHVWDWLRQULVN´7KLVPHWULFLGHQWLILHV172 
actors who consistently source from low- or high-risk regions, even as deforestation rates fluctuate in the 173 
short-term. Finally, we report the total deforestation risk associated with each trader (in hectares/year), 174 
though this metric reflects to a large extent their overall market share (SI Figure S7), and so we focus on 175 
the relative and scaled deforestation metrics. 176 
 177 
Our data on soy deforestation risks come with three qualifications. First, we used the Brazilian 178 
JRYHUQPHQW¶V RIILFLDO 352'(6 GDWDVHWV ZKHQ PRQLWRULQJ VR\ GHIRUHVWDWLRQ ULVN LQ WKH $PD]RQ DQG179 
Cerrado (INPE 2018a, 2018b). These data in the Cerrado include both the loss of forest, and also some 180 
areas of natural vegetation that are not strictly forest, but which also are important for biodiversity 181 
conservation, carbon storage, and the provisioning of other ecosystem services (Strassburg et al. 2017), and 182 
are explicitly included in some ZDCs (SI Table S3). Second, these data do not monitor deforestation beyond 183 
the Amazon and Cerrado. Though soy is planted in all regions, only 1% of cropland expansion outside of 184 
the Amazon and Cerrado in Brazil between 2000-2014 occurred over native vegetation (Zalles et al. 2019). 185 
Our results therefore capture the majority of native vegetation cleared for the expansion of soy in Brazil. 186 
)LQDOO\ WKRXJK ZH XVH WKH WHUP ³GHIRUHVWDWLRQ ULVN´ WR UHIOHFW HDFK DFWRU¶V H[SRVXUH WR GHIRUHVWDWLRQ-187 
associated soy, soy traders and other supply chain actors (producers, financiers, investors, and retailers) are 188 
of course not passive risk-receivers. Traders, for example, can actively create conditions favouring the 189 
expansion of soy production through local infrastructure and financial investments in new frontiers, or 190 
reduce direct deforestation in the jurisdictions from which they source by implementing ZDCs. 191 
 192 
Reviewing ZDCs in the soy sector 193 
:HLGHQWLILHGDOLVWRIWKHWUDGHUVWKDWSXUFKDVHGPRUHWKDQRI%UD]LO¶VVR\KDUYHVWLQDQ\JLYHQ\HDU194 
over the last decade (2008-2017). In total they handled 87% of soy exports over that period. We assessed 195 
their soy sustainability policies, drawing on the Forest 500 assessments (Global Canopy 2018) and analysis 196 
RI FRPSDQ\ ZHEVLWHV DQG FRUSRUDWH VXVWDLQDELOLW\ UHSRUWLQJ PDWHULDOV :H GHILQHG ³]HUR-deforestation 197 
FRPPLWPHQWV´DVZULWWHQFRPPLWPHQWVWRDYRLGIRUDVSHFLILFUHJLRQRUJOREDOO\FRPPRGLWLHVSURGXFHG198 
on recently converted land, to remove from their soy supply chain all deforestation (a zero gross target), or 199 
to balance deforestation with reforestation (a zero net target). For consumer countries, these commitments 200 
included the NYDF and Amsterdam declarations. We then assessed each of these commitments against 201 
eleven criteria of their potential effectiveness (Garrett et al. 2019) and linked them to our data on 202 
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deforestation risk. One prominent commitment, the Soy Moratorium, has been the subject of several 203 
previous assessments (Rudorff et al. 2011; Azevedo et al. 2015; Gibbs et al. 2015; Kastens et al. 2017; Silva 204 
& Lima 2018); we therefore focus our analyses on the remaining commitments, for which there are no 205 
quantitative estimates of their impact. 206 
 207 
Results & Discussion  208 
We identified ten ZDCs applying to the Brazilian soy sector (Table 1, SI Table S3). Four of these are multi-209 
stakeholder commitments: the Amazon Soy Moratorium, NYDF, Amsterdam Declaration, and Soft 210 
Commodities Forum. The remaining six are unilateral commitments by the five largest soy traders (Bunge, 211 
&DUJLOO$PDJJL/RXLV'UH\IXVDQG$UFKHU'DQLHOV0LGODQGKHQFHIRUWK³$'0´DQGWKHWKODUJHVW212 
trader, Glencore, together responsible for 56.6% of Brazilian soy exports and 66.3% of export-associated 213 
soy deforestation risk over the last decade (SI Figure S2). Amongst these ZDCs there appears, however, to 214 
be a trade-off between their ambition and accountability. The Soy Moratorium applies only to the Amazon 215 
biome, but is independently audited for direct soy deforestation using satellite imagery (ABIOVE 2019). 216 
The other pledges are global in scope but lack independent auditing and transparent monitoring 217 
mechanisms. 218 
[Insert Table 1 approx. here] 219 
ZDC coverage has increased but is uneven 220 
Signatories of the Soy Moratorium handle approximately 90% of the soy exported from the Amazon (Figure 221 
2). In contrast, only 46.5% of soy exported from the Cerrado in 2017 was traded by companies who have 222 
made commitments, though this figure was zero only four years earlier (Figure 2). The growth in ZDC 223 
coverage stems from an increase in the number of commitments over time rather than an increase in the 224 
market share of committed traders (Table 1, SI Figure S10), and ZDC coverage is expected to increase 225 
further. The members of the Soft Commodities Forum (launched in 2019), purchased 56.2% of soy exported 226 
from the Cerrado between 2006-2017, though in practice the ZDC coverage will be lower than this, because 227 
the monitorLQJRIWKLVFRPPLWPHQWLVLQLWLDOO\IRFXVHGRQµSULRULW\PXQLFLSDOLWLHV¶ZKLFKVXSSO\228 
RIPHPEHUFRPSDQLHV¶VR\IURPWKH&HUUDGR(Glencore Agriculture 2019).  229 
 230 
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 231 
Figure 2 - The coverage of ZDCs is higher in the Amazon, where the Soy Moratorium applies, than in the Cerrado, 232 
where it does not. 233 
No evidence of reductions in soy deforestation risk outside the Amazon 234 
Together with public policies to reduce deforestation, the Soy Moratorium helped curtail direct clearance 235 
for soy in the Amazon (Nepstad et al. 2014; Gibbs et al. 2015). The soy deforestation risk of traders 236 
operating in the region declined in particular from 2008 onwards (Figure 3), the year that satellite 237 
monitoring of the Soy Moratorium was introduced (Gibbs et al. 2015) . The individual corporate 238 
commitments, the NYDF, the Amsterdam Declaration, and the Soft Commodities Forum are all more recent 239 
(post-2014) and we have limited years of post-commitment data with which to judge their progress. Our 240 
data - the first quantitative monitoring of their impacts - show no evidence of additional reductions in the 241 
deforestation risk of committed actors since making these pledges.  242 
The soy deforestation risk of Bunge fell over the past decade (Figure 2a), following the broader 243 
market trend (Figure 1), though their risk in the Cerrado, where the Soy Moratorium does not apply, 244 
remained consistently above or equal to the market average for each year (Figure 2b). There has been no 245 
marked improvement in their soy deforestation risk since making their cRPPLWPHQW LQ  %XQJH¶V246 
deforestation risk in Matopiba rose in 2016, and fell in 2017, with their deforestation risk in the Cerrado as 247 
DZKROHUHPDLQLQJFORVHWRWKHPDUNHWDYHUDJHLQ6LPLODUO\&DUJLOO¶VVR\GHIRUHVWDWLRQULVNLQWKH248 
Cerrado and Matopiba fluctuated around the market average with no clear improvement since their 2014 249 
FRPPLWPHQW WRKDOYHGHIRUHVWDWLRQLQWKHLUVXSSO\FKDLQVE\$'0¶VGHIRUHVWDWLRQULVNIOXFWXDWHG250 
around or below the market average, with no change after making their commitment. The commitments by 251 
$PDJJL/RXLV'UH\IXVDQG*OHQFRUHDUHWRRUHFHQWWREHDVVHVVHGWKRXJK$PDJJL¶V252 
DQG/RXLV'UH\IXV¶GHIRUHVWDWLRQULVNLQWKH&HUUDGRKDVEHHQFRQVLVWHQWO\EHORZWKHPDUNHWDYHUDJHVLQFH253 
the late V DQG WKH\ KDYH RQO\ LQWHUPLWWHQWO\ VRXUFHG VR\ IURP ZLWKLQ 0DWRSLED *OHQFRUH¶V254 
deforestation risk has also been low, though it has increased since 2010, when their sourcing expanded out 255 
from states in the south of Brazil, such as Paraná into states such as Mato Grosso and Matopiba, where soy 256 
deforestation rates are higher (Figure S11). 257 
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 258 
Figure 3 - (A) The soy deforestation risk (ha/thousand tons soy) of the top ten soy exporters, in the Amazon, Cerrado, 259 
and Matopiba. (B) Soy deforestation risk, scaled to the market average for each region and year (shown as a 260 
horizontal grey line). Points above (below) one, shown as a grey line, have above (below) average market risk in each 261 
region in each year. Dashed blue lines demark the year that ZDCs were implemented, 2008 for the Soy Moratorium, 262 
and 2014-2018 for other commitments. Note: COFCO entered the Brazilian soy market through the acquisition of the 263 
traders Nidera and Noble Agri between 2014-2017; the trend-line for COFCO pre-2014 refers to the deforestation 264 
risk of these two companies. These trends are plotted for all assessed traders in SI Figures S3-5.  265 
7KRXJKWKHVHFRPSDQLHV¶VR\GHIRUHVWDWLRQULVNGHFOLQHGLQWKH$PD]RQDIWHUWKHLPSOHPHQWDWLRQ266 
RI WKH 6R\ 0RUDWRULXP FRPSDQLHV¶ VR\ GHIRUHVWDWLRQ ULVN in the Cerrado appears to be more strongly 267 
determined by the geographies in which they have historically made infrastructure investments than their 268 
specific procurement policies. Bunge, for example, is the largest exporter of soy to Europe (handling 20% 269 
of EU imports from 2006-2017) and has invested heavily in the Amazon and Matopiba, which are 270 
logistically closer to European markets. Bunge operate two ports in Pará in the Amazon, and two soy 271 
crushing facilities and one refining facility in Matopiba, where most soy deforestation is taking place 272 
(Figure 1). Cargill and ADM also operate in Matopiba and have higher soy deforestation risk in the Cerrado 273 
than Amaggi and Louis Dreyfus, who operate mainly in older soy frontiers in Mato Grosso and the south-274 
west CerUDGRUHVSHFWLYHO\ZKHUHVR\DOUHDG\RFFXSLHVPXFKRIWKHODQGVFDSH6,)LJXUH6$PDJJL¶V275 
soy deforestation risk, for example, was high in the mid-2000s before decreasing, reflecting the pattern of 276 
soy expansion in Mato Grosso (Figure 1). Since 2011, Glencore have operated three storage facilities in 277 
Mato Grosso, where they have since sourced 15-36% of their soy, though they are otherwise and an asset-278 
light trader, with the origin of their sourcing shifting year-on-year (SI Figure S4). 279 
 A similar picture emerges for commitments by countries. After the implementation of the Soy 280 
Moratorium, deforestation risks in the Amazon declined to low levels for all consumer markets. NYDF and 281 
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Amsterdam declaration countries have oscillated around the market average in all regions, and this has 282 
remained essentially unchanged since their commitments, with their deforestation risk increasing in 2016, 283 
but falling in 2017 (Figure 4).  284 
 285 
Figure 4: (A) The soy deforestation risk (ha/Mton) of different consumer markets. (B) The soy deforestation risk, 286 
relative to the market average in each year (the grey line). 287 
Using supply chain data to monitor zero deforestation commitments 288 
We apply a state-of-the-art data set on the Brazilian soy supply chain to attribute deforestation to supply 289 
chain actors and provide much needed transparency on the coverage and impacts of ZDCs in the soy sector. 290 
As with all analyses, some limitations apply. 291 
First, we present a novel approach for monitoring zero deforestation commitments, though the 292 
conclusions we can draw from the presented data (covering 2006-2017) are limited by the time series 293 
analysed. Additional data from pre-2006 would capture the pattern of deforestation risk prior to the 294 
establishment of the Soy Moratorium; unfortunately, deforestation data are only available from 2000 in the 295 
Amazon and 2001 in the Cerrado, which prevents earlier analysis (accounting for the five-year lag between 296 
deforestation and the establishment of soy). Similarly, the impact of the commitments by Amaggi, Louis 297 
Dreyfus, Glencore, and the Soft Commodities Forum on deforestation risk cannot be analysed with our 298 
trade data, as they were made after our time-series. We do, however, present additional assessments of the 299 
formulation of these commitments (Table S3), and note that our proposed method allows for future 300 
monitoring of the changes in their deforestation risk as time goes on. 301 
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Second, though we use rich data on soy infrastructure and trade, we are unable to triangulate the 302 
origin of all soy flows. The proportion of unknown flows varies between traders (SI Figure S8), but was 303 
6.7-9.9% of the total exported volume in the post-2014 period.  304 
Third, our soy deforestation risk does not include indirect land use change where the expansion of 305 
soy drives deforestation through the displacement of cattle ranching or effects on expected agricultural rents 306 
(Richards et al. 2014; Arana et al. 2019).  307 
Fourth, several of these commitments include multiple commodities and regions (SI Table S3). The 308 
NYDF, for example, applies to all sources of deforestation and the Amsterdam Declarations apply to both 309 
soy and oil palm production, and a complete picture of their impacts must analyze deforestation trends 310 
across multiple commodities and regions. The Trase initiative is seeking to address these gaps and cover 311 
70% of forest-risk agricultural commodities by 2020 (Trase 2018b).  312 
Fifth, since there are no public data on individual contracts between farmers and traders, soy 313 
deforestation risk is measured at the municipal, rather than the farm level. While it is in theory possible for 314 
actors to have deforestation-free supply chains even while sourcing from jurisdictions where there is soy-315 
associated deforestation, we contend that municipal-OHYHOµVR\GHIRUHVWDWLRQULVN¶LVDPHDQLQJIXOPHDVXUH316 
RIHDFKDFWRU¶VGHIRUHVWDWLRQIRRWSULQW,QPDQ\UHJLRQVVR\-sourcing is locally consolidated: 30-51% of 317 
soy (and 31-63% of soy deforestation risk) each year was traded through logistic hubs where three or fewer 318 
companies operated, and at the municipal-level, we estimate that 48-67% of soy (and 38-74% of soy 319 
deforestation risk) comes from municipalities where three or fewer companies were actively sourcing soy. 320 
This consolidation suggests that we can have some confidence when allocating municipal-level 321 
deforestation risk to each actor. Our results are also robust to a sensitivity analysis allocating soy 322 
deforestation risk from municipalities of production to logistic hubs not using linear programming, but 323 
assuming a 200 km sourcing distance around the logistic hubs from which they source (SI Figure S8). 324 
Alternative methods of allocating risk (for H[DPSOH EDVHG RQ FKDQJHV LQ WUDGHUV¶ VRXUFLQJ IURP325 
jurisdictions, rather than their market share), would be a valuable area of future work. Even so, any local 326 
mis-matches in the allocation of deforestation risk are further mitigated when analyzing deforestation risk 327 
DFURVVWKHHQWLUHW\RIHDFKDFWRU¶VVRXUFLQJDUHDV0XQLFLSDO-level assessments also bring some advantages. 328 
ZDCs should arguably be judged on their net impact on deforestation (Garrett et al. 2019), as they can be 329 
XQGHUPLQHGE\OHDNDJH,IDFRPPLWWHGDFWRU¶VQRQ-compliant producers continue to clear land and switch 330 
to sell to non-FRPPLWWHG WUDGHUV WKH='&¶VQHWHIIHFWRQGHIRUHVWDWLRQZLOOKDYHEHHQ]HUR)DUP-level 331 
analyses of individual supply chains will, however, fail to assess these net effects, which may be detected 332 
at larger scales. 333 
Sixth, supply chain data alone cannot address some of the definitional issues with ZDCs - notably 334 
ambiguity around what constitutes deforestation. The Cerrado, the hotspot of soy expansion in Brazil, is a 335 
savannah biome, which consists of a mosaic of natural vegetation types, from tall forest to shrub- and 336 
JUDVVODQG:KLOH&DUJLOO¶V$PDJJL¶VDQG/RXLV'UH\IXV¶VFRPPLWPHQWVH[SOLFLWO\PHQWLRQWKHSURtection 337 
of the Cerrado, others do not, and there is ambiguity over what vegetation types are covered (SI Table S3). 338 
When monitoring soy deforestation risk in the Amazon and Cerrado, we used Brazilian government data 339 
on the loss of native vegetation. Our results are therefore aligned with official efforts to monitor and enforce 340 
WKH%UD]LOLDQ)RUHVW&RGHWKH$PD]RQ6R\0RUDWRULXPDQGWKH6RIW&RPPRGLWLHV)RUXP¶V='&DQG341 
UHIOHFWWKHRQJRLQJLPSDFWWKDWFRPPLWWHGDFWRUVKDYHRQ%UD]LO¶VQDWXUDOUHVRXUFHV1Drrower definitions 342 
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of what natural vegetation types are protected under ZDCs risk leakage, where biodiversity and carbon 343 
benefits are undermined by the displacement of soy expansion into other natural vegetation types (Popp et 344 
al. 2014; Garrett et al. 2019). 345 
Finally, it is worth highlighting that improvement in transparency, whether through independent 346 
initiatives such as Trase, or through trader initiatives such as the Soft Commodities Forum, of course does 347 
not, in and of itself, reduce deforestation. While transparency is a critical precondition for accountability 348 
(Gardner et al. 2018), concrete changes in company sourcing and producer land use decision-making are 349 
required to break the link between the expansion of soy and deforestation.  350 
Prospects for deforestation-free soy 351 
Brazil has large areas of forests and savannah that may legally ± and illegally ± be cleared for commodity 352 
produFWLRQ:HVKRZKRZHYHUWKDWDJURZLQJSURSRUWLRQRI%UD]LO¶VVR\H[SRUWVDUHWUDGHGE\FRPSDQLHV353 
who have made zero deforestation commitments. Apart from the Soy Moratorium, however, we find no 354 
noticeable reduction of soy deforestation risk of committed actors. Which begs the question ± what are the 355 
prospects for zero deforestation soy? 356 
  357 
On paper, deforestation-free soy production is achievable. In the Amazon, where the Soy 358 
Moratorium applies, direct clearance for soy occurs at low levels (~1% per year) (Gibbs et al. 2015; 359 
ABIOVE 2019), and in the Cerrado, 70% of recent soy expansion (2000-2014) occurred over land that in 360 
2000 was pasture, rather than native vegetation (Carneiro Filho & Costa 2016). The Brazilian context is in 361 
many ways favourable to the implementation of ZDCs. Both the Amazon and Cerrado have abundant 362 
pasture land available for further soy expansion (Carneiro Filho & Costa 2016; Strassburg et al. 2017; 363 
Rausch et al. 2019), and Brazil also has unique public monitoring capacities, including high-quality remote 364 
sensing products and a rural property cadaster (SI Table S3). As these ZDCs are currently defined and 365 
implemented, however, prospects for their future effectiveness in reducing deforestation remain very 366 
uncertain (SI Table S3). 367 
  368 
Other than the Soy Moratorium, these commitments either set future cut-off dates for deforestation 369 
or no cut-off dates at all. Without concrete cut-off dates for deforestation in the immediate future or the 370 
past, these commitments are very unlikely to discourage further clearance, as producers continue to receive 371 
the message that deforestation-associated soy can be marketed without repercussion. 372 
  373 
Outside the Amazon, none of these commitments set out transparent mechanisms for their 374 
monitoring or enforcement, and implementation appears to lag behind promises. Signatories of the Soy 375 
Moratorium have implemented an independently-audited, standardized monitoring system (SI Table S3), 376 
while monitoring efforts in the Cerrado are not standardized and less transparent. Bunge reports having 377 
90% traceability to the farm level for their direct suppliers in Matopiba and Mato Grosso and state that in 378 
2017/18, 98 of their monitored farms were flagged for deforestation, of which nine were subsequently 379 
suspended (SI Table S3). Cargill has a pledge to eliminate deforestation from their supply chain by 2030, 380 
but their efforts to date have focused on illegal deforestation (SI Table S3). Even so, as recently as October 381 
2017 both Bunge and Cargill, along with ABC Industria (part of Algar Agro group), and a handful of other 382 
soy traders were fined BRL 24.6 million (USD 6.7 million) for illegal clearance in the Cerrado (Spring 383 
2018). ADM releases a quarterly progress report on their soy sustainability initiatives, which states that 384 
they have collected farm boundary data for 100% of their supplier farms in 13 priority municipalities in 385 
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Matopiba. Beyond improving traceability, their implementation appears to be at the engagement stage, 386 
KRZHYHU$'0OLVWVHIIRUWVWR³HQJDJHZLWKVXSSOLHUV´DQG³H[SODLQWKH1R'HIRUHVWDWLRQ3ROLF\´EXWGRHV387 
not report levels of non-compliance, nor the procedures they follow when infringements are identified 388 
(ADM 2019). Amaggi reports that 19% of its soy is traded under zero deforestation certification, with a 389 
further 12% covered by the Soy Moratorium (SI Table S3). In 2018, 1,315 grain supplier registrations were 390 
flagged for socio-environmental non-compliance, though Amaggi does not report what actions were taken 391 
after identifying these possible breaches. Louis Dreyfus does not provide details of their traceability or 392 
mechanisms of enforcement (SI Table S3). Glencore began monitoring its suppliers in September 2018, but 393 
does not provide any information on the origin of their sourcing. Glencore reports that it has since detected 394 
non-compliance in its supply chains but does not detail how many infringements occured, what these 395 
infringements were, or what actions were taken (SI Table S3). 396 
  397 
Regarding commitments by governments, evidence of implementation is also lacking (SI Table 398 
S4). Government participation in the NYDF was arguably more a goal-setting exercise than a concrete 399 
move to reduce the deforestation risks of their consumers (Lambin et al. 2018), and civil society efforts to 400 
follow up on it have focused on private sector signatories (Climate Focus 2016). The Amsterdam 401 
Declarations were meant to have a stronger focus on translating commitments into action, but still appear 402 
to be in the engagement rather than implementation stages. France, with arguably the most advanced efforts, 403 
announced in December 2018 a 17-point plan for reducing the deforestation embedded in their imports. 404 
The plan includes a commitment to use development aid to incentivise producing regions to adopt zero 405 
GHIRUHVWDWLRQ SUDFWLFHV DQG SURPLVHV D UHYLHZ RI OHJLVODWLRQ DERXW EXVLQHVVHV¶ GXH GLOLJHQFH RQ406 
deforestation risks (France 2019) (SI).  407 
  408 
         Importantly, several other systemic issues must be addressed to increase the potential effectiveness of 409 
ZDCs. First, ZDCs must not be selectively applied. While Amaggi and Louis Dreyfus have made ZDCs 410 
and have soy infrastructure in lower risk areas, in 2009 they set up a joint-venture, ALZ Grãos to establish 411 
a foothold in the soy frontier in Matopiba (Graner 2018). ALZ Grãos has invested in soy storage, wholesale 412 
facilities, and a port terminal in the region and export 0.4-1.2 Mtons each year. Including the deforestation 413 
risk of this joint-venture in the sourcing of Amaggi or Louis Dreyfus increases their deforestation risk in 414 
2017 by 5-fold and 10-fold, respectively (Figure 5). 415 
 416 
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 417 
Figure 5 - The soy deforestation risk (ha) of Amaggi (A), Louis Dreyfus (B), and their joint-venture ALZ Grãos. 418 
 419 
 Second, though committed traders made up 47.9% of the soy export market in 2017, the proportion 420 
of soy deforestation associated with other companies and markets is growing (Figure 6). The relative 421 
importance of Amsterdam Declaration & NYDF signatory countries is also decreasing as their market share 422 
KDVEHHQRYHUWDNHQE\WKHJURZWKRIH[SRUWV WR&KLQDZKLFKSXUFKDVHGRI%UD]LO¶VVR\H[SRUWV in 423 
2017 (SI Figure S11). ZDCs will be most effective at reducing commodity-associated deforestation if they 424 
avoid creating a segmented marketplace, where deforestation-free soy is sold to a minority of committed 425 
markets and other soy flows elsewhere. Part of the success of the Soy Moratorium in reducing soy-426 
associated deforestation likely comes down to its comprehensiveness, in including all ABIOVE and ANEC 427 
members (Table 1), responsible for ca. 90% of soy exports from the Amazon, thereby sending a consistent 428 
message to producers and limiting inter-actor leakage. Multi-stakeholder initiatives, such as the Soft 429 
Commodities Forum (Table 1) and the Cerrado Working Group could play a key role in trying to move the 430 
sector as a whole onto a more sustainable footing. The recent (December 2019) development of a 431 
compensation mechanism in the Cerrado also offers promise (Byrne 2019), especially if the original 432 
participants (Tesco, Nutreco, and Grieg Seafood) are joined by other signatories of the Cerrado Manifesto. 433 
Ultimately, the demands of the Chinese market are increasingly setting the agenda for soy sustainability. 434 
While Chinese firms are more focused on legality than zero deforestation, the Chinese meat industry, a 435 
major downstream consumer of Brazilian soybeans, has adopted a ZDC (WWF 2017), and the chairman of 436 
COFCO, the largest Chinese soy trader operating in Brazil, has called for extending the Soy Moratorium to 437 
the Cerrado (Lyu 2019). 438 
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 439 
Figure 6 - Traders and consumer markets not covered by ZDCs account for an increasing proportion of soy 440 
deforestation risk.  441 
 442 
 Finally, soy ZDCs will only be effective if committed actors seek solutions across the agricultural 443 
VHFWRU(YHQZKHUHVR\H[SDQGVRYHUSDVWXUHDQGLV³GHIRUHVWDWLRQ-IUHH´LWGLVSODFHVEHHISURGXFWLRQDQG444 
creates incentives for further deforestation by driving up expected agricultural rents and injecting capital 445 
into agricultural markets (Richards 2015; Richards & Arima 2018; Arana et al. 2019). Rapidly expanding 446 
crops, such as soy, can therefore only be deforestation-free if deforestation is constrained in the agricultural 447 
sector into whose land it expands. Ultimately, cross-sectoral collaboration is required to pair efforts to guide 448 
soy expansion onto low productivity agricultural land (e.g. cattle pasture) with efforts to close the forest 449 
frontier and constrain the expansion of cattle ranching in frontier regions, and spare land through the 450 
intensification of cattle ranching and adoption of integrated crop-livestock systems (Garrett et al. 2018; 451 
Koch et al. 2019; Nepstad et al. 2019). 452 
 453 
Conclusion 454 
Between 2006-2017, 0.6-1.9 Mha of soy were planted each year on recently deforested land in Brazil, 455 
driven by growing global demand and fluctuations in capital availability, political opportunity, and 456 
exogenous factors such as currency exchange rates (Richards et al. 2012; Pailler 2018; Richards & Arima 457 
2018). Deforestation-free commodity production is however possible, and a growing proportion of the 458 
market have made commitments to zero deforestation commodity production. Without transparency on 459 
their implementation and impacts, however, committed actors cannot be held accountable, and ZDCs risk 460 
becoming a missed opportunity for supply chain governance. Here we present a pragmatic approach for 461 
monitoring the deforestation risks of actors with and without ZDCs, finding mixed impacts of ZDCs so far 462 
in the Brazilian soy sector. Though the Soy Moratorium has helped reduce direct clearance for soy in the 463 
Amazon, we find no evidence for ZDCs reducing deforestation risk in the Cerrado. Looking forward, our 464 
approach can be used to provide independent monitoring of progress in delivering on promises for zero 465 
deforestation commodities. 466 
Data availability statement 467 
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The data and code that support the findings of this study are openly available at DOI 468 
10.5281/zenodo.3582934. 469 
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